INTRODUCTION
Collection, separation, and composting of household waste generate organic dusts. Microbial cell wall components are an important constituent in organic dusts (Rylander and Jacobs, 1994) . Among the most well known of these are bacterial endotoxins. Relationships between the amount of endotoxin in different environments and respiratory symptoms, spirometry changes and increased inflammatory markers have been reported (Rylander, 1997; Rylander et al., 1999a) . Guidelines for environmental endotoxin exposure have been suggested (Rylander, 1997) . (1→3)-ß-D-glucan, a cell wall component of fungi, plants and certain bacteria may also be present in organic dusts. Results of in vitro and in vivo experiments suggest that glucan can bind to cells by receptors, stimulate bone marrow, activate macrophages and induce the production of cytokines (DiLuzio, 1985; Czop and Kay, 1991; Patchen and MacVittie, 1983; Sherwood et al., 1987; Williams et al., 1991; Sakurai et al., 1994; Adachi et al., 1994) .
Respiratory symptoms, symptoms of toxic pneumonitis (organic dust toxic syndrome), fatigue, mucosal and skin symptoms and symptoms in the lower gastrointestinal tract have been reported among persons handling waste (Sigsgaard et al. 1990 (Sigsgaard et al. ,1994 Clark, 1987; Thorn et al., 1998; Ivens et al., 1997) . Effects among waste collectors have been related to (1→3)-ß-D-glucan or endotoxin exposure (Thorn et 154 J. Thorn al., 1998; Ivens et al., 1999) . Previous studies show that waste collectors reported a greater number of or more severe symptoms, such as lower gastrointestinal symptoms, in the summer months (Thorn et al., 1998; Ivens et al., 1997) . Exposure measurements performed during different seasons showed that concentrations of total microorganisms, fungi, A. fumigatus and endotoxin were low in winter. The bacterial and dust concentrations showed no clear seasonal variations (Nielsen et al., 1997) .
To further elucidate whether a seasonal variation in exposure could support previous findings of the presence of symptoms during summer months, a study was performed to assess exposures to airborne (1→3)-ß-D-glucan and endotoxin during different seasons and relate the exposures to outdoor temperature among household waste collectors handling compostable waste.
MATERIAL AND METHODS

Population sample
The study group comprised two household waste collectors handling compostable waste in Gothenburg, Sweden. The compostable household waste was sorted separately in paper bags placed in well ventilated metal bins and was collected once a week. The two waste collectors operated one truck for waste collection. Their work tasks were similar (i.e. times used for driving and collection were similar) and measurements of the subjects' exposures were made on the same day. Measurements were made every second week (on Fridays) from September 1998 to January 2000. Determinations of the amounts of airborne (1→3)-ß-D-glucan were performed every second week and of endotoxin every fourth week.
Exposure
Measurements were made of the amounts of airborne (1→3)-ß-D-glucan and endotoxin using personal sampler equipment with open filter cassettes for collection of total dust. The filters were placed in the breathing zone during an ordinary work day and connected to a portable pump (Gil-Air 3 SC, Gilian® personal air sampler, Gilian Instrument Corp., USA). The pumps were switched off during the coffee/lunch break. Air samples were taken by drawing air through Isopore filters (ATTP 0.8 µm, Millipore, Cambridge, MA, USA) at a flow rate of 2 l./min for at least 4 h. The amounts of airborne (1→3)-ß-D-glucan and endotoxin on the filters were determined by a method previously described (Thorn et al., 1998; Rylander et al., 1999a) .
Outdoor temperature was measured three times on the day of the exposure measurements. The results were expressed as the average of the three measurements.
Treatment of data
The differences in (1→3)-ß-D-glucan and endotoxin exposures between the two waste collectors were analysed using a non parametric test (MannWhitney U test). The relationships between (1→3)-ß-D-glucan and endotoxin exposures and outdoor temperature were analyzed in bivariate correlation tests (Spearman) and linear regression analyses. Differences were considered statistically significant at PϽ0.05. Fig. 1 shows the amounts of airborne (1→3)-ß-Dglucan and endotoxin during different seasons.
RESULTS
The amounts of airborne endotoxin were constantly low during the study period and did not exceed suggested guidelines for endotoxin exposure in the environment (Rylander, 1997) . There was no relationship between levels of endotoxin and outdoor temperature (r xy =0.29, R=Ϫ0.06, NS). Endotoxin determinations were therefore terminated in the autumn of 1999.
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There was a close relationship between levels of (1→3)-ß-D-glucan and outdoor temperature (Fig. 2 ). There were also relationships between levels of (1→3)-ß-D-glucan for each individual and outdoor temperature (Glucan 1: r xy =0.64, R=0.97, PϽ0.001 and Glucan 2: r xy =0.50, R=0.51, PϽ0.01, respectively).
DISCUSSION
Measurements focused on the amounts of airborne (1→3)-ß-D-glucan and endotoxin as indicators of microbial biomass exposure. The values observed must be considered rough estimates, as exposure values depend on many factors, such as the environment, weather conditions, work practices, sampling techniques and methods for assessing exposure. However, the sampling technique and filter extraction method used in this study have previously been used in several studies and exposure related effects have been found for (1→3)-ß-D-glucan and endotoxin exposures (Thorn et al., 1998; Rylander et al., 1999a) . Furthermore, variations in personal exposure situations, amounts of compostable waste collected and aerosolization of dust are other factors that may influence the exposure. Wind speed is a factor that can affect the sampling procedure. However, there is no reason to believe that this factor could explain the (Thorn et al., 1998) .
The results of the present study suggest that household waste collectors handling compostable waste can be exposed to higher amounts of airborne (1→3)-ß- The amounts of airborne (1→3)-ß-D-glucan were higher in September-October 1999 as compared with the (1→3)-ß-D-glucan exposure in SeptemberOctober 1998, suggesting that there can be exposure variations during the same season from one year to another. This variation may be a consequence of the outdoor temperature, which was unusually high in September-October 1999, but other factors such as amounts of pollen and weather conditions may also contribute to the observed variation.
In a previous study among waste collectors, the exposure to fungi was low in winter (Nielsen et al., 1997) . The highest concentrations of fungi were found in the summer. In the present study, the levels of airborne (1→3)-ß-D-glucan were higher in the warm season. These results suggest a seasonal variation in fungal/(1→3)-ß-D-glucan exposure among workers collecting compostable waste. In previous studies, waste collectors have reported more or worse symptoms in the summer (Thorn et al., 1998; Ivens et al., 1997) . (1→3)-ß-D-glucan is present in molds, and may be used as a risk indicator for mold exposure. However, (1→3)-ß-D-glucan can also be present in pollen (Rylander et al., 1999b) . Grass pollen exposure occurs in the warm season, and this may be another reason for higher (1→3)-ß-D-glucan levels during this period.
In conclusion, the results suggest that household waste collectors handling compostable waste can be exposed to airborne (1→3)-ß-D-glucan, especially during the warm season, when more symptoms have been reported among waste collectors, according to previous studies. This cannot be interpreted as a causal relationship as household waste may contain several agents that could cause effects. Further studies are needed to explore such relationships.
